




A study of the use of a small computer as a
communication interface for a large on-line system
Robert Jay Schwartz Jr.
Lehigh University
Follow this and additional works at: https://preserve.lehigh.edu/etd
Part of the Computer Sciences Commons
This Thesis is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion in Theses and Dissertations by an
authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.
Recommended Citation
Schwartz Jr., Robert Jay, "A study of the use of a small computer as a communication interface for a large on-line system" (1970). Theses
and Dissertations. 3855.
https://preserve.lehigh.edu/etd/3855
~}f :~·-;·~ -· ... -·- "'. ••,-••••' C@c~,~~'7,,,-,"~='.••.,.~= -· , ... 
J~.! 






-- ,_ __ . ·-------- ·--. --- .--- ·---- ~---·-. -
/ 
.----·-~··:~:._·-,:···'-~.-.-·--·.,---·.c·:( •. - -~-'. _. ·.-:--.'-~---- ,'~----~.-=··=,'-=:;.., 
. . ' ' . . .~ .. 
.. _t-· Use of a Small Computer as a 
·-·"""" .", 












~-· 1.ci_ u u u 
-
----~~ .. ,- -~-·-
... 
L_ L 














• Presented to 'the Graduate Committee 
. . . . . . . - . . 




.. ; . 
---- .•-------~--·. -
In Candicacy for the Deg.ree of 
Master of Science 
-~==:=============-c==========·--.. ---------·---.. ·---- ...... ________ . 
• 1n 
..... -
. .. :-. ., 
Information Science 
"· 
.-;: ... I 
_,. 





... ---------.--. . . . ~-----. 




- . i . ·--------·---------
__ _;..:._'-----'------·-·-·-· . -----.,~.----·--------------·------ -- -- - . -
·-~-
.-.:. -- --- --··----::··· . - --~- -· .--. -~-- ·--==--~--- .==-: .. =--- ~-----:.=-==------=--=,.z-'-=-->=-- '. - -~-··.._______-~ ···--- ----- -
... ' . ···,~'. 
.. 
i,'',.•'). 









~ . .,,.' :. 







.,, ~- I~· - • I ·- r - I ---;_ .--;::; 
-~~ ·-. ,;. 
-*****~ 







. ' .. .. 




. ·' .. 
•~lt•UtU•1•0it•1\'f ""'~' i • , :'.- 1 ,-
, "'' ' . · ~· • .! "i~ ''" '••i,,,: •J_.~ ... li_~{t";t .1• "-· i .• i'"·' 

























·-----------··-· ----· ,, ----·---- ' ·- .. ~' -· ·-
..--- ~-- .,,,_,_ . ...,..~~-....--..~..--..-.,--~~· • ---.··----·. . _,..... ... _·---. -~--~_,.._...i..-•--r . f 
.- ;- ~ 
--~----. ·------- ·. ---------··~·!\ 
. . . ~ 
t 
·······--·~,- -.-., .£. 
--~_:._ ____________ . -~ - '-----~·____:___ 
·.,. -
.. 
- .L \ 
·,--:-· •... ·. 
-
,.,..,. 
;., ,; . 
···•J, ..... .• ,.,,,;,.,.., •••• 
' . '• . ~- •.. '. 
·:.:\; .• .. ~ .• -, .. ~ • .!·-~ 
\ r 
..,.11·•11.,, • •n•,1,,,,,,,,,110,,,,1,, 1, 1,,,u,1,.11, 1,,11 .. f'I''"''•, ····!l••1•t,,,. 
.  
"'"I' ,,~ ''. •,1,, "" ;1, ;/•\•~·, •••la~•l• ,,t,.~f,., .,., O(~''" .,:, ,,.., " !,i, , I,, , 
.'. •r.,.9:_..::t{,: :·: ) .. 
r ... _,,. 
;1' 







- ... , -·· ... lJ lJ LJ 










- -~---- . --· ---- __ ... --- --~-·- -----------
;,., .. 
----------------.:----------
.,.,l-'"i..··_·....-·-·.....- ....... ..... 
., ·,·,,·,,., .. , .. 
q, ... , 
~-·--
. - .\~ 
-_,, . 1, ...... . 
. ' . ¥ ...... ~.;, 
,J,.:,.,"":· 
·,. ·-i 
··--c··-"=,..--.,.•_,-, __ 0· ___ : __ ....._,__. ·.....:..~ ·-~·,,:·_,_ -~-~- ---=-,~..--,'--:--· 
,. -· . . - .. . . .:.. ,,:!' 
---;-------=----_-- -- _:_.!._ ____ _ ACCEPTANCE. 
. ,\:."'.; iY • , 
!Xhi-s·--th-es-i·S"is--Cacc-ept-ed~and--approve·d·in--p-ar:~i"al-
fullfilment of the requirements. for the deg:i:ee 











Dr. Arthur I. 














--------·--·--- _.., ______ .,_ ....... _ - '•f,,._· . -· --
-~.· 
---·-·--------------·---=-~:_:_. ··· .. - ·.··---- .. -~- _....t_ ,., ••. __ •. _:._._ •. ''!,.'.!': --~- ... -··'\~ • ·---~---~-------·--~------··-··2 . -· ----·-----··_-_____ _ 
. -~.---- ---------~-· -- ----- -----:-------------
•·.· 
··-·--~-------·- ----------··-·--·--···----·------------·-·---·---.. ------~1"'-- - -----·-· -· ------·---------··-··---·--.-----·-'-----· 
















































_ I j 
I 
__JI .• -----·--------------- .... ~ 
' { 
---,,--- -·- --- -- - -. _,._ -= ----- . t 










);"·;,·r·1-~.~ ... :;~~::~,~;~,~:.'..:, .. ~~.i~ ..·~-·.~~-·.-_·--,a~.:s.1""''ll:'l"'"~1Md __ ~•...,·--<'2 __ ......... _______ ....,... ___ . __ . __ ... ·,- "'_.· .. _--~· ,_,,,_-.. ~·.:·;..,,,.~.- _,._. ·,.,..,.., . ...,.',.;l.. __ • .,_-... ;>;, .. .,"'"_,, __ .s.,.;_·: .. ~~- .. !:f--,..i- --·c-·;';,.;;_-.:;, __ -_··.-.-.~.,--_- __ "_~:_ ... -·--"'lJ:>. .. ·.--L-=--·-:... .. ".->-:.~,;__-",.:_'~--:.~ .. _·----~:.-__ .·.-._-_··_,-' - ."•,; - ··-·-· •' '; ., .. - ...... ·~ .. -.. . ... 
~f·· .. ' / 





:J I 1 
·•.• II-
. ', .-
--"*-._ __ .·, __• 
-..·. 
----·-·· .. -··- _, ___ . .' ___ .. ·. · ___ <~· .... 



















-·- . ---- ,•• - _:.__~---' "• -·. y··'·-• •, _ •. ·.· -- -------'--- ''.,.- ·• --- ..• • .•.•. --> \''' • --~ • ... : .. '.L ;_-=.:._,;.._..~=-..~~--~~--,_.,c=;.;.--=~•':: • •:;,.,_.-,---::.,;:.c=--'--;~c..~.:....~~~,:• ~. '. · ... :~.-:~L--- --;'~~-~7""~~~...._.-";'->" :.:~- ._~- ,-·~· C•~';h~- .';:::--:--~~~~~~--~. -',._, ~d·''"·:_~~:; .. __ .. ~ 
-------· ----- -·--· - .c ---'----', - .. ·,' ---- .. -..• -----------· ·-.;-·. . _ _;......;-- ' - ~··_._ 







. . ; ,--_~t, -
-.. -. 






t. 0 .. ' 
.. . i 
' 1, -·'' . 
. ; 
--· --- .... ____ ""· _, '-'1 · 
- '',, 
•• ,l''1•n,·•1~ I 
., - ... 
. ;, /_ .... 
. ' _~ ... -
·_'-), 
'-, . 
• ~ ,. ........ ..., • ·r 
·" Ill, . 
, I . 
. '/ 
• , ~--ACKNO.WLEDGMEN~---~ 
--------- - - - ------------------~----- ------- ------ - - - ·------~-=---_____,_,~- -
During t.he research for this thesis I received valuable 
as sis tanc~ from Mr. J. E. Tilley, M s s Jean Lay and Mr. Thomas 
Mr. .Maile of Pan American World Airways in New York Cityo 
Albert Siegeli Manager of the Lehigh University Computing Center, 
has been a constant source of advice and encouragement. I am 
deeply indebted to Mrs. Joan Jones who provided valuable typing_ 
and proofreading services. 
l.J' A. _considerabl:'e amount of the information contained in this -1 
. 
. 




. ' .· 
i·-
thesis wa:s originally developed- Dy the·-General Dyna:rriI,cs. CCorpoi·atfon ________ _ 
of San Diego, California under contract to Pan American-. 
Pan Amer-ican has agreed that information derived from their 
documen~s may be released~ The letter from Mr. J.E. Tilley, 
-Manager .,,. ,Forward Planning tha,t authorizes this release is available 







-·~•-- -- ---- ·-· ·•-·-·- ·- ·- -- • ·--·· ___ :_ -•-·- •-·a•....--••---~-- .. ···-·-·--,---· -- -- - ----- • --•·-"' ... ··. __ .. ~- .____ 
- - - --··- - ..... - -
. r 
--------·;·-- ··;-· ·-;---··· .. ~-·. - --- --·--- --- ----~-.- --- . ---_. '1 '• • ' •.• 
. -
.,·, 
. I:.. { • '· 
' - ... :i' 
' . 
...... ~..;. .......... ; ,-
: I I' 
. . 
. :_: .' 


















. t-} ,: 
. -· -~.-....----"---· '• ---------:. - . "' - --- ... ----~~--· -ft- ·--·~---·-- - ' - ; .. ~- -·-· -----~--··------~ ~- --·-- -------------- --- --------- ---~~·-- -~ .. -._ __., - t;:." J 
-~-------~-__ .... _ .. _·-_·_ -_· ·_· -_· _·--_·-__ · ~-.:__----:--:~___._'_---,,--,;----'-:--.,..,.-------.-------------,,7, -.----,--,----:---- . . ·. :" '. '. C ~----- -H ~ 
. -· ·-~ _ .• , 
--~ -· '~-- ,. _ --- _ -_--·-_-·--_-_, ---_;__::.~··":__:_~ 
-~----------=-·.:.,: .. ___ ·- ·- -· --~-~-;~:.. ...... : __ .-~.:.::: . .::~~- ·~· .. '..~1--......... · .. ·-~ ·----_- .. --- . --:: • - . .. ·- ..... --.-··--~~-. ______ :~-=~:~_fj:_.~.-.i, ;, 
-·--·-·- -----.. -·--·~ -~ ~~- --
- - - -- -~·---- ------~~----~---. "-·-.··-"•·•----- .--·--·· --· -- - - -·---- - .. - ~ . , 
.. ~ 
- -- - - ... --· ~/ ---------·,~------- .. - . -.-- .:-:---~:._ _:_c-c-.-;- ~. .. -~-- . . . IJ' - • - . .. . - - - ·-·ti ; 
1 .t. 
_ !. . . . r::..1 
.. -·--
- - - .. - . -- -· ··---- ---.--- - - --;- - -- - -•- -------·--·::·----·-::----·---::--..:____. ____ -·--.:..-a.-r-·--;._~,--7----- .. '"·---..;.---:··-·-.-.. -. . ~----:----:-~ 
--i·:--· -----·---
-- - '-,-· --- --- --- ' 
. '' l'. ' -
----..:.. - . . . . . - -- . :··,--- ~ I 
l' 
. .' .~' -· :. 
. ' . 
' •i 
-.. . 
. ,~ :· . 
. ,,, 
r, . 
,:· .. , ; .. 
- ...... , 
....,..,.,, ... l ') .. 
( ' 
, . . 
• I 1'.·~~-... · 
. , 
. . . 
. . ·:: ·.· 
... ',• 
r~ . .. I , . 
.-"(' ' - . 
• 
.. ":~' ,: -
_.;a_ 
~· ' ·' ~-
... 
- : • • I • 
·:·······. ,·'. ·.it f '· >~ ... 




-, : .·.·'· -
:.'~' 
: . . . 
. ,_ .. ·;._ ... 
<'.'·•_-. 
'.~·~~ I. 'f_ ' 
I~ 
,. 
" ·'\_ ~ 
~-.. .., :,- - ~-- .. 















\. •.. r· · ,• 
t "' , • - .. • I • 
' 1 • - • -
. - I .. I • ' • • 
. . . 
. •', 
. 
!··· . . - ' 
----.--· 
-~.--- -
- . : 
f. 
'-l. 
. ·------1, i 
'. 
\ .. -
. . . 
,, _,___ : --· ~--·· . ·~ 
. 
.
. i·_:_·,:'1: :·1f;:~ .... ~~;~. f. 
~ . ·,-~ . • f.J 
fl 
l:1 
... ' < ~ ' 
. . . 
... '1- ~. -.1. 
i!'f I 
I''/ 
i t~ I 
i· I 
~' 
- -----·· - ..... -·- ~- ..--
•· 
.. 
- .... -· .-"· .-------
- ------ ""1· r,,a. 
, . . 
; ... -.;",'.'·;t.,~:.'f ,. 
•• 
_· __ __ 
• l ,.,.~ 




__ ::::...--::=,J:: ___ _c_c_c._-_cc_-=... ___________ - --·--- - ... 
~-- -~- - .. 'I---- -
. --~if' 
<',"!') 




-·~ . '. '_ ..... 
TABLE OF CONTENTS 
~,-~. _. ·----_-.------- -----_ ... ,-- __________ -·---- ··. 
Abs·tract 
· ..... -· ........ . . . . . . . . . . . . ~ 
· .In:tr oduction 
••••••••••••••••••••••• 
• • • • • • ..... • • 
Hardware DE:velopment 
Ope,:rator_ Control Console 
• • • • • • • • 
·clock 
••••••000,, •••••••.•••••• 
Machine Speed and Utilization 
•••• • • 
Dir.ect Memory Access 
• • • • • . ' .... • • 
I . 










6 page iv 
~-: ., 
.,,._ .-
,i, r· • 
. . : .. 
__L__--w-·-: ---a·· s-·- -- · ···--or 1ze 
. .. ' - . -~:: 
.,--------.---- ----------------~-'---...-~.----~---,-----c-.........:.J..;:........---c-c-----
• • • • • • • • • • • • • • • • •••••• - ··-···-·----·-·-- ..... __ -----------------· 
Tape Drive 
• • • 
'\ 





• • • • • ·- .... •••••• • • • • • • 
• • • • •• • • • • ••••••••••••• 
• • • • • •• • • • • • • • • • • • • 
• • • • • • • • • • • • • 
. ......... ' .. . Software Specifications 
Programming Language • • • • • •••••• 
Initialization o ~ ·o o o •••••••••• , •••••• 
Utility Routines o •••••••••••••••••• 
Non-Periodic Tasks ...•••.•••...•• 
Linkage and Management 
• • • • • • • • • • 
........ \ 
. . Earitr-Checkin-g-.-~.~-,--·-ca---.--.-. • • • • . . • • --- ---~--



















; '1; .. _ . ~ I '" f • • 
. ,· 
.. '·' \ 
l • 





l o ... ·----·- ------~ ·-v-· --· ...... ,= .... -=.-=::::-~=--.. -=. =- ·- .-.- __ - -- ··- -------. --·--·. ----·--,---·-----·--
19 
Polling: Direct and Hub ...... •· •.••• -- ---- --------·----1-9 ------ -~--. - --· ----· 
:· Polling: Error Co_nditions ........ -· 
Error R ecovery Management ••.•.•• 








Appendix IV = 
Bibliography 
• • • • • • • • • • • • • • •• • • •••••• 
. . • • • • • • 0 I e e e •••••• 0 I • e e 
• l.. 
. ~·- .... • • • • • • ••••••••••• 
• •• ••••• e I I e e e I O • e e ••••• 
Machine Evaluation .. • • • • • 
• • • Figures 
Footnotes • • 
Cil O e e • 
••••••••••• 
e O O e 0. e e O I •• 















, .. , 
. ·-- ------ -- . ----- ----------. ·-- . ~ •· ----· ------.. ---------~ -
.. 
. __________ Vita • 
.. --- . -----·- ~. 
··---·----· .. -- ~-----
··----·-·-·-··-·--~ •·· ·- ·5·1·-· --' - _ __:_ _ ____,__ -. .. 
•• • • • • •• • • • • • • • • • •• • • • • • • • • • .,..-.... 
._ __ ___:::=_:_ _ _:::.:~~-----c,;---j,;;-~--------·· 
-~-------~-· . - '·---~-~1:;~--~------------- ·- -·----- - _. 
---,-:-··-
~: 




... -· --,'"-._ ~ ...,. 
. ' 
--- . ___ ........ 
.. ,. 









·-· .. : •• !., __ •. 
'. ,"'.'• -· ~· 
·i, 
' :.ff~~~:~;:~ . 











··.·i:· . ,./.,. , ..... 




· . ...._ 
' .,. 
CO ... ·, 
,: ·.:r .. 
~- . 
.. 
. ,, I 
·, 
. -· ·------·-----···-- . ·-·-· .. --·---·--- ··--·---··--·-·---------.. ·--··--··· . --- ------- ---------------------------·------~-'----,------'--------c-------c---.....~-. 
. . ' 
,S. 
. ·- ·- ·--·· --··'\ 
. . l• 
~-
- ~-··· . 
'. .  ·~ . 
. '. 




.. -·-- ------· .. · ---·-------------·-···-------·--·--------.,------
r ,, 
-----,-· __ .,.-,-----·-···-.":<:--..:.-.. ~·--· ---· ... .-. ..... ~--·---.. ___ ,.' -- . ..._ .,.. _ _.....,,._._..,.._," ....... - ... ~----. -.. --.--~..--.,..:---,···-::--~ 
--"-·-,. · •• 'L ___ -r-·---------,--.·7~~--,....-:-.~- _.-·. -~ ·';: .... . -+-----





:-- - .\·..,. : 
... •. : , 
. ....... 
·-·. ../ : . ~: 




....... ~. . ... ,,· ·. . ....... \ .. 
. ~ .-
~.. -.,_ 
' ' ' 
• ..1>', ' • ~ ' 
( 
. > " (, .. ' 
.... , . . .. 
~/'I' .• 
.. •., . ,: --~' ' 











.1. - • ._ -- -~ 
, ..





















_ , .; 
---~-~---· ·-'-~- . __ .-··. ·-·~·-' . · __ ._ •' ; '-. 








TABLE OF FIGUaEs 
Appe~dix m 
1 ·• I. '-....l 
page v 
' - ··' .·-· •• r :·. •• • 
... ·. . : .. · . .- ·.' ,: ·. . -,--- ____ - __ ._·,.~_-_._:..... ___ -:_~_ .. _:+.'.=~.-_--_--_-_ ------~-
'...' .-------~~----' ____ · __ --_. ·:----,-':r=~ ___ ·_ . . -----=---:--·:·:- -- . -
f. 
,: 
__ __:_ __ ,_~-~--_ -.-.' ------,.-.--.. ------·----· -- . ----~. ·----------- '·-------· --· ... .,...1 .... 
._-
,t 








~-- ~ ____ :_;;_>-' :_:--- .. ------ -- -- ---- - --- ·--- -. ·-···------------ .. --.-- .. ·--···--~--- ----:--= --- -... --- ----- -
PAN AMA C ·s/360 
Communi,,,cation Interface System 
_,,. . 
Communication Line Configuration 
Maj or Program Sections 
Control* Section Structur·e 
Message Header Identitication 
Terminal Interchange Configuration 
. 




















.. -. -~ -
. . .. ·. . -. - - - . . - -. - ---~-=.cc .. :c.=._-.- ................. . ·.; ...... --~--:--·--:-~4---.-.-·--~-- -- .. ··-~0 - - ·rr:· '_:·--··---~---·-7---~---·-·------











-~ .- -. . . -·--:-,--- s ... ..:... 
( 
• 
.·; .. ,. .. 
• 
.. 
-------·- _____ ,,. _____ . --------~~~-..:.,._.-~----. ' -- ·----- ,.-- ... ----~---"'--'-........_. ____________ ~ _____ .., ____ ,-·-- ----...---- ._...... ' - - - ~---·-··--·---_-_-_--:"~ ~:_-
.,.--- . 
--------·--~-·-~---·--·------------------- -- - - ---- - - ~--------- ----------- ... ---.., ---------- ------------------ ---- -
- -- - - --- -· - - ----· -- . - _- -
. ,. 
... ~ ,tt· 












: . ..,:.--·· 
..... - :,. 
, .. ,'! 
···1-
. , - . - . --------------------·---·----··------<-=-c--
__ ......:_____ ·---·----"----_-_ _:_-~ -
··-;---- ;·-
.---..-'-------.. -· --.---.- --~--
.... 
..... ; ... ~~ 













(. - 'l.: :, .. : . .r.-
' 
i ·- -
. . . . ~-
.'.T 
....• ~ - ·+ ....... .f ... , .... 
'-
-- ----- --- . ··-·-·--··-··---·-----
,-, 
• 














C - --~. :._:._ .. _____ ._;,:..,_.,,,.,._,_., ...... ~ ... ----·--~ ... --~-----· ,----··· 
_. ,.-





: '.: ... . ·_: _-,.-.--
.__' 
! 
·. page 1 
I• 
...... •,',,; 








. · · Iner easing use of Digital · Computers in communication · 
.. : 
-{;\, 
·-·--~--~~~-~ ~· ~~~ ~2 .. ~·--e:<~,~~-_:-~-"--'-~--- •'-" ·-·•· .. .:.· .. --,-.--• ·----.-·;;··-__ - ..... - . -"-·' ···--··· -~ -· ..o-~,- .-., -- ---- ---- -- ~~,,~~;::-~.:----_,.~.~--·-·~ei'ivfroiimeiifj~'li_a_s'.·~en:iphas·i·z-ed the. need for an efficient m<ethod of 




.. -\ I 
. ;J 
. e:{ 
. , ·< :'.:c~=c~< : \ . · .. : ;,'.L~I' 
_; ·, 
I " .; 
. 
. 
•- interfacing commu~catjon line~ to th~ Central Computer. Hard-
• wired multiplexors, act~ng as slaves to the Central Conipuier, · 
. . . must look to it for instruction -for polling; error checking .and other --~~ ... . . .,.._ ·:, ' . . . _· .. ~:.: ' '. . . 
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. The advent of mim ~~d $mall c~rnputers has provided an 
. ·alternative. A programmable small· sea.le co.mputer can handle: 
. l. -- -i~t.ialization and repeated polling for Terminal Interchanges. 
· 2. Acceptance and routing of messages resulting from 1. 
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7. Perform off-line diagnostics and utility functions. 
This thesis discusses the design of such a Communication -
Interface Syimf!:@lnn'l in an airline environment. Pan American World 
Airways, Inc. is cho$®ID\ ~® the model for this -discussion, although the 
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· links to oUier. Central Processing Units will include Flight .an~· . 
Weather in.formation on a real-time basis, to provide updated flight .. ·· 
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' currently operating and producing n_ew routes ~~ heretofore non-
··:plotted se·ctors. ·· Cargo <sales and records as well as maintenance 
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accessing and ticket issui~g. ·Int.~rf.ace ~apabilities are also 
·· needed her,e. 
•. 
#'. ·,,: :· 





as the ~echnical a4vantages of the more expensive medium-size 
computer is indicated. It has the:refor'e been determined.that the . 
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t'efef:red to as CIS, must be a total hardware and software system 
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. , . . . . . ~ap.i.pi~ p£ supporting a mul~ple CPU CCF. 
. +-,-~" ,----- ----·· ----- .. 
The se.lection of a .. 
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'r( f):rog:rarpmable front-end allows .many features a~d options-~~=-- _i. , ·\ . . . 
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·available or impractical with the non-programmable hardware. 
. Objectives of. the CIS are· to perform terminal polling, messag~ 
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switchihg;--store-\spooling to disk) and forwarding, buffering, e·rror 
detection, network status reports, 'and statistical reporting and error -
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diagnostic logging. This will provide for the efficient utilization and . 
-· . flexibility of communication lines' and central computing facilities. 
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possible to approach a • truly polymorphic 
,· 
complex. Eventual sy~tem.. 
design{must incorporate duplication of front=end units, • • • • 
. " "'-/ 
such as the · 
-· :--, - --~-·-
CPU, tape d1:ives and so for.th. 
I . 
The problem has now been briefly outlined. The next_ st,ep is 
to specify a ·general s·ys'tein -configuration and then to develop 
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fun:ctional. I Finally an analysis of the applicability of· va~ious commercial 
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. ' . 
... with a guide as hardware requi~_ements are developed •. Considerations 
for._hardware choice should.encompass the following features·: 
~- '· 
_ 1. Op er a tor ·'c_ontr ol Console ( QC C) ·."·_:·:;·f , ._. . .... -' . 
' t, J' 
• • ' - ) '. ~ .• •. r 
........... ~ ........... , .... , .... - .. .,._ .·... , ..... ,·· .. ,, 2. Real~Time inte·rrupt: clo·ck . . _,· .· ,-:·.·. . ........ -,·,,.· :;; 
. , . : >:i:. ) . 1. ~. : . Direct memory access availability and : · · · -c · : ·\{;· >:.:: ·r . ,: .. 
;{i . • • _--; ... -':~-.c:.'7 . ~ . ..-·: , ... ,r - . • - .. , ~- ., :· • . • . -
~-- ·. - . ·:.· _- -. ···J_·)==~· .. ;l .:···r~·- ----.:;~. - - .. -·--. transfer rate . ·~ -- -- -- '-~~-.----- ::,::.a · ... : . :,,:<·· . > ... ' 
· ··· --· _; -- -.a,· ·4-.------------M_-- -emo:ry-- cvpl_-, tim-e -c· - ·.--~· · - --·.-------.--------c'-i-· ·- :'. .-- · · ::·._.... ·· ' .. · · ·· · · 
J/ ~ --· ' ·, l•; I ,' 
-~• ·. · Memory wof 4 size - · ·.,-:· · · ·:. ~.: ,· ::.i_ · .. 
p, · · .Co:r e size · · . ,, · .. ; ·· '. · ·'· · 
'• ' 
. ~ - ~. . 
7, ·· Jndex anq. general :registers _ .. ----, . . ; .. :-.".<: ;--· 
I , , •• ~.~~ --,:· .,'.. -~----:-'0-.,1~ i .• 
•• f • • -~-, · +ape unit functions, speefl and density · · <: :~·-.. · ... , •. · 
.·· :t..-' 
.1_..,, .. ··_ _·.r - .. 
.''", ..... ·.-:. 
9, · Pisc Size , ., · , -~ 
I ' u_, fl • • . • :>••" _:.:,_, :·'. • l Q, Jnterrupta_ · 
. " ~ .- . 
.. :' ;, 
. . . 
l.l, _ lpstruction B~t ·· .... · --- _ .. ··,= l a.,' fl e Start a'pni ty C •• : --·"_ ..... _ .... _ ... ,................ .. 
___ ....... . 
, . 
. ' 
---- ·-···- -- -- . ' -~-- ·-,----- ___ _. ___ ' - --- - - -
___________ l_ _____ •••• -------- ' -~ ---~--------· 
· .: ,· - . ~vepiqc1,l _gq~ls are -~o ·be abl~ to lnte.rface with ~J. fully duplexed __ . 
', . ' . ~ • . • • . f '. • . • . '· . . . • -: • 
.. . ... _,. 
-------••··-·•••-- •· ". 'r --••u )- ,-·, --~---··•• 
.... a .... , •• - ..... _ ........ =-~,--- · Jllgh-~p~eq iin~s ai 2000 Elita Pe:r Second, one- 2400 BPS fully duplexed 
i ' ' ·. • •• ' • ~ .. 
,_. · ...-
• ' I••• 
<' ". 
<. 
~SS ffiS{§J~~se Jine ancd1 .twa 75 Baud lines for read-only teletypes. 
' ' . . ' . \ ... . 




~ach C!Jffi~~¢cation line ls capable of handling up to 10 terminal· 
• '.' I'' : ~ _: 
. .  
,· 
' ( . 
interchange units-. Each te,i-minal interchange unit can be res~onsible 
. • I. 
:--· · --. for up to 30 agent sets. In this system app.roximately ten of ·the 32 lines 
~-------;------::'._--~~--------;---~----.----------------------~-------'-----;-;--'-., -~"---'---------
1 • . • 
.. -.: -·-· __ : •_ ... ___ ' --- . .. --- - -- ·- -- -~ -· - --- -·-·-----. -
.. will be"for re_servation agent sets and ten more will be allocated for cargo 
________ ..,_--_· --~ge_nt_set.s_.__ The_r-emainingtwelve lj.nes ~ill be availab~e for.expansion • · .. '. _.-: ·. 
..... 
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I - • I • • 
t:- -~~ ... ~- -~ -o~e termiri.af irit:erchange· wUCservice ·each lilleamf 1:~n·a-gellt -Sets--Will-'be .. ··• C -· •. • •. · •. ·.•·. 
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· The operator control console should have a keyboard type _. 
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entry unit with a hard copy !record of input and system messages 
. ."' ' .. 
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. available. Although not es·sential, a CRT can provide intermediate 
' 
· .. messa.ges of a transient type to the operator. The·se r;nessages may · · 
· be recorded onto tape· .. (magnetic) or TTY for later- ana:lysls if desired • 
.. . J 
• # 
·: · - Hence we choose a CRT and a KSR TTY. The input keyboard and 
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:· ·, . 
• ·e, 
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.... ~ . 
.· . -~-· . .-. 
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-- ---::~·--~-:--.~--"--_- . -o"utput ~~vices s-hould have twenty·-six·alpha:- characters,···· ten numerics--~~-- . , ·. . ·- ' ,· .···'!:,.' ·, - . 
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__ and nqlllefous special and punctuation character~. The special keys_ 
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v. 
'5hould fnclude frequently useq. f~nc.tions such as inser·t, delete and · ··· I 
. r 
f~place,. 'l'pe CRT cltsplay ·mcatrtx allould be 102,4 char;acters. 
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tis ·:the basip ~lme in~reme~t cycle, of ~e clock." Then it will generate 
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.an interrupt every 1/(nt) seconds, where n is initialized from the. 
' •- _; ____ -- ··at -- ..• _. - -
· operator control· console ._or under :program control. The clock may be 
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lo-bit register for reference~ Since the ·date and time are to be loaded 
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_After deter~inatidn, ,. handling pre.cedes in the\pre-defined-tnanner.' 
\ . -- ' . . . ' . 
. , . ~-- . --------------·-·· --· ·-·--··--·----·----·-··-·------- ---------· 
. ._· · , . _:. ·-1 ,. . - .. fi 
_ . ", · 
.. Various .uses of interrupts serv~d by' the Interrupt Processor, Module_ 
-----·-·-------
. include· signalli-ng wh-en·. the primary--input-buffer--is--ful-1-and--initiating 
transfer to the secondary buffer~,, Also, when a me_ssage transfer has·.::··· . 






. . -~ 
• .... ·i;_' ,; • 
Instruction Set . t 
.. .·I',.·-: .. 
i[ 
d 
''l-·, . t' 
., 
.~r • 
·- - ~. --.. , -----------------




'/. -- ·-·· ····-···· .· ... , ...... · .. ·-- .. ~-----· •. ~- ...... ~· ... . -,·· . ---······· .• -· -··· . ··- -~=,'==a~' 
. ~ 
Although a small computer can .be programmed using only a few 
\ ' 
commands, ·that method would requi:i:e excess coding and mach~ne time •. 1 
. . 
_Hence we shall attempt to include the...ne.cessar..y-instrvctions in th~--~-c--~--.~----- .: · 
-
·;,.· • . ! ' 
hardwired set. 
'1 . 
;j..' : .. 
·, 
.. 
~ . ' '. 
. . 
.. , ·' ' 
. ·~ . 
' . . - '• .. 




' . ij - . --· - -
~-· 
f ~ .-·· I. Load and Store 
- --- --·· - - --···-··- -- ·-· -
. . 
- • ":.._ • ~-.-. - - - - ; ,_ - . ·- ·--'<'-~\ ·' - ". J • • "' -··,-- - .:.. ~ • 





-·--··. ---·- .. --·--· -· - - . -- ·-- . - . . - . - - -· - ... ,. -... .,,._ .... ~ -· •. 
• i ' 
a. Clear A· 
b.· L.oad 






a. Add memory to A, result in A 
' b. Subtract memory from A result in A 
.... c. IncremenJA 
d. Negate A regist_er 
e. Increment memory address 
- '. ~ . ~ 
L '_-_._., -_;' - ..... '-'::• •~' - -• -
;-,_ . 
: ........ ,.• . .. · !l ; ,. . ~ ' . ' 
- -- =+ 




' '(I - •• 
... . . 
~ .... 
,· .. = -. 
~ . 
m. Logical 
...-.-:-,--·· .... ----· -· 
. 
-, Logical'" And" a. ,' . ' 
b .• __ E __ ?'_c!~~-!Y_~-~~9=-=-r_"_~--'--_:___·, _· ~---'--~-----:-·-· ·_· __,7"-----,.-.---~~-· -:. · ·_-_ .. -.-----· -_-_.,.-',-;-.. -·_----_-.. -:. ·--:--i 
IL--~-'---::-----+.-.'.:-.:-__ .~-=.-. -.-__ --, ___ -___ ----=C: .. ::c:.c:.._, ,.--.---cCO-mplemen,t,::.A:::,::::.~:===-~~=- . - .... . . ... . ' . ==_= __ =.=. _= ____ = .. __ ==_. =_. ~·"'=-.... =. === 
•. 
;-~~~:~-=-~=:-=~--;;;;:-· ·. ~ -----==-----c.c!.!_=:_:_=_.CQmpleme,nLSigp~ -- .... -~~·-... -·-~-r---· .... · ----. --- -. -- -------·~-_,_- ... ,\·,. · .... · ,·:·~.=:··· 
):·: . - '"'.·:-· ... \. :·_; .· _:'.: ... , .. , ~:·:·,--~·.··,. ~- .... ,.: ...... _ , ...... , ... 
. t • \1', .· 
' 1,· IV.· Shifts -.r •. -
a. - Left Shift A · 
. . 
-- . ,·· .. , · .. ; :·' Right Shift A . it.,:, -b • 
,., •, .· . . _).: ' ,_. . ,•' 
,.· .· .\ 
...... _.:,,._ ... 
,:-_ ,\· 
··;· "'",' 
• •t -. •, •. - . 
, . . 
.. _ -- ,• ·"°:·.;.\.'..·· 
. ' ' ~~ 11 
. / '. ,. - - :, ·.'· . - ' . 
. . .. 
,.' • ~ .: ~ : L 
.. . _:~: .· ·.: ·. ' 
' .• ,•• _,., L 
.. ,.. . . ,.. . 
l ·, . .! 
. . 
.. . . 
; I\' C' 
·,, ....... 
. : .... 




.. --~ -, .• ,• •·" ·,', . 1 f: '. ·•. ' 
. ~-' .,, .. . ·. .... ... 
. •, ;_ . -
.... ~ '¥ ·-' 
. , -. ·,;': .......... ~·. . 
,' ,·_"'': 
, "'J. '. ', :. , : 
. ' 
. ' 
. : ~. ;··, ',, . 
·,, :,_ . . :,··: : 
' . . 
• ' J ... 
.· c... ,;Left .. ~J:l9.tate. A. 
· d.:~- ·. Right ~otate A . . • I • ,; ,l-. -- .. . . . ,. '. ,.- .. ? . "l' .:.~ ·, .- .-·.~ /:·-; .· ._:, ·, ·.--~· .. _; ~ '. .. ,- .. ,, 
' ,, ;• • .. 0 
,• L ·;.? .~ .,• '·'. 0 
. . .. ....... "· :~: ... ~:~ ..... ~ .. ~:.-:--. .,,..;... ·4~·-:-~ ........... ~ .. . 
, . . 'C. , ""· I :: ' .. ~- .!i• 
·- .... , ....... ,,, .• . I ,. . . .. ............ ,:, .. " •. . ... .. 
: . ·:.' - ' . ~ ,: 
? .. ~ -.. : 
. . ;. C: • ... • ----:-i," 
' . I , 
\ ' . 
.. ·" 
.• 1'. • 
'I... . ~-- .-




;. ··'- . . ... ·M·d, : • '.-1, ' I 
:.'· · ...... 
. ),_..,. \-;·, .. ', . ·. l ' ~ ·1 r. • :• · • ,.,\:..· · 
0 ., . < •· ' • ' < •• • :: _' ~ _:_~_:_;_. : ,' ' .: i . ·• ~"- '. .. 
• I ., .• , . ' . •'· • 
I \ ·, 
. . ~ . 
. ,t ' I • ,\' ..... · .,. 
:"• ,,, 
} . ,...,;' __ .1.,, -._""- .... .:' . ,. -
1 · ' ·. ,, •. :· .• '~ ·,_. ' I., ' 
~ '· : . ··~ . -. 
. -. ·: .. : --~·:·}, .. 
,. ··; i)>.:; ·.·,!. ,;,,· ·. ;, __ .. ' ' . ··" 
r, _.., • ,f , • -..., . ~ly~,..-; '/.:· , • ' ' t • 
r ~ • • .., . 
. ·' • • . I, . • . , . ,. :. . , ' : ,.,- . , . • ·~ ,v 
. ' rs·. ; 
. ''. ·~.,.;. .- . 
' ' .- . : ... /·· .. :,,... .' 
' . 
. - •,·,-.,l 
• .I> ·,._; 
.. ~ / 
.·''•."/. 
.... ·•·. :.. . ' 
' ,, ' ·. .~. •, ... 
~ .•. 




-V. -. - -Control 
a. _ Unconditional jump' . 
_ -···- . 
--Unconditi-onal------skip-·-as----a-;r-e-gis·ter ·:ruri.ction--(t-e·stJLrid ;Bxianch)_· 
~/ Eight or more sense switch skips ~ -·-C • . 
-·d • --Enable and ~nhibit interrupts · _'___ _________ _ ___ . -----
. .-.-...... . 
VI. Input/ Output _ ._ · _ _ _ _ __ 
· a. Output control without peripheral request_·:_-____ ~.·:. 
b. Output. COl'ltrol with per'ipheral reque.st- ---- - . . 
. -
' 
- . ·. ·. -. 
· .... : .. ,---·- ·:~·.:,->.·:-
.c. Input contror·with peripheral request ~,-·-~,-,.---',c~-. 
: . •. . : . 
. . . ~ 
d. Skip ·on peripheral sense llne 
. 
. -,,._ .. . 
. - :. . .. ..:,.\":,.: ... : .......... , .. --- -' .· . 
. . ,. _;_··,, 
-., 
, ... _. 
t·-,.·.,. : · ...... . 
,.._ ,• 
.,·7 - .• ·. · •. 
\ t .,~ ·' ' 
• 
Restar't Capabili"ties 
---~--------- ~--.· __ .- _ _:_ _ . -~~__:.:_ ___ .;.,.:..~~ -- ----- -- --- ----------------------~---~---
- ___ . ___ ,, ____ , .. ~--- -~-----~--------
·,. ,,- -.,.~ 
- . - . - . . --- - - - ---- -- :: -~s·_- --- --·- _________ ._ ... -
.. ,· . ,· 
' . 1'. ---
. . . 
-
- --- - -- - --------~-.;{:, .. ,,~., -,_ =:- - -~ "=-'--~ec •• ,-.,~~~'c:-~-~v~~-~~-~-~~~~~~~~ ~~~~~~~~ ~~e~;~~-~fc ~~~~~ .. _- :~.; ;( ~. 
-
. . 
~- -- ·:-..=cT·~··,•--·-=~·:.:a..=,··••-~ ••-
• ·, ... 
·, , the registers should be saved. Conversely the re-initialization of power-: 
·, • 'r q. '· 
.. 
to th..e .CPU should not reset core without sp.ecific instruction. These '. ' 
-lo..-. ·t _, 
.. : 
' ··-
- .. --·.;.-" ·-------· 
--'---------·-··· -----. -'----;-'--........ ---
_. 




--·-·--·--~-.... -• •• -~-..'.l. • .·-N- • ··.-·---..-•- --, 
re-start in the event of a power loss. Since the total installation, ~ ' . ..:--.. 
l-incl uding the Central Computing Facility, is supported by emergency _______ _ ; :..· 
' ' 
- ---- ··-----,- .. _ ·:~- . ---- -- --· 
generators, total lo~t messages wo-uld_ be kept to a reasonable ai:nount. . . 
' . 
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Individual problem:· programs will not be detai~ed, but rather the specifications· · 
they must·handle ~ill be discussed. 
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Programming Language-
Choice of a programming la~guage is dictated by the following 
considerations: real-time environment, massive I/0 tzansfer, hig,hly 
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repetiti_ous cycling of programs and reasonable limitations on core ·size • 
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languages or solely assembly languag·e is not difficult to make. 
Supervisory programs will necessarily be written in the assembly lang~ctg_e . 
of the machine or an efficient code generating high level language- if ··-~- - ., 





















---- ---------------------- -------------·--------- - -------
- -·---·-------------------------·---------·--·----------·-·----·----------·---------····--------···- ...... ·--··----------------· --------r 
--------:----·-··--·-··-·-··-------- ----· --
=~=- = . -c \Vilt ea"S1Iy-undercu1:tlie~a.dditi~~al pr~~grainJ.nillg tilll.e re<luired for -- -----,-,--~--~~~"~-=~: · 
.. ••··,., ,no···--·•-.-,,.-.-,-----.--·-~-·.,--·•·••-.-.-··· ·''"r•s•••.,.-.•-.. ••••••,o--•-.<•,<,r--~-,-.,,,:c .. :,•.,•-i."~--""'-T"»'•...,.,•~•: .• _ . ......._:_.!;-=.,'="--, --. ~~·~".-.£~_.,_,,..,_-,-,-,,,._ 1 '""" ---~--=·-=·=:.-=-~=-~-~-=-----=-.:'"'""~""'"'"""""'_. ------. ~---- ... , .. _·-- ·~-.- .... -•-•--,-~; .,--· '."·' •' '··.·':'---'"' ••. , ... • -;_- . ..,,·-.-.-, ,, • .,-, ·,·,o;,;·; o..L¥~~co,ct; •·"·'-'"··;.v,,•,,-,,c;, o, .. -7."•-·r '"""- - ...• • ,.,. ,.,. ... --- =·-• • ·---~••··--·1~ ,.-••-,-,--• .-_.,-,-~~- ••w,·•-•""'"'"''·"--'l",,.....,..,._,._..,.,._,.,.~.,.. ~-··•• -·--.-•"- -,-- .. _ •. ,-.-,-_•n•c.• ,- •. - ··,·n,- ""'""••-··~··:• ···re'"""•"'"' 
...,...-- ---·-~- ---·------· ~---_)_ - ; 
ass,embly versus high-le.vel'ianguage. 'Therefore, only an ass~n1~ler i_~~ . 
....... 
~ ,,: .•,.,_ 
. - "'."-.'-: . 
-----"---
... - . nee.d~d, and .... th.is may ·be either the manufacturer·• s Qr a user written 
I • •· .,._ 
·. ,· r .. ,. 
- . . . . . . ___ .. . . . . - . ..6 
· _, .... L{.'~<-:. ·; - version. M-ost small computers. now are available .with at least· an assembler • 
"( 
'\. ' ~· . 
' , . -,-
' ".Ji,~., ', ~ r , .. , 
.-. 






•· . ·. ' .. ·\_'. - . 
1- ~ 
. . 
' • ,. ~ , • - • I 
• •,I -
. , -
.•It,. ,::,,..-:, .. 
. . . . 
. , 
. . . 
' . 
' I'. ) '.• '. ,lo-
I •:·Ji{-.·.~'.\ ' '· .. -,·1·•.: 
.. ·_, .. . ·.' '. i' \ ' .. 
. . .. -~· . . . . 
.• ';,· '-.t" 
'.. ,. • • p' .1 '. ' . __ ·, .. ,' 
. i' { -_'~' 
.. -· ·,· '" ·'""' 
. /.. . :... . . . ~ . . . •:. . . ' ·. ' -
•• ·. ' ' ' t ..... . • ~ . ' •. ' 
··/. '·._,.".'. ,. I o ' ' ' ' •- .. , ' ••• ! /' .. 1' 
-, --~ ·; .· . , .. · '. •• :' ' ~ ..,. .. -:·,·~-::~ ·,. .• . ' ..... ,_ '"'. .·, - . -·. -_ ·.~- ' . ... ' . . . ' .! 
.'.•)/:' : .. '. •'·1·/ ':.' ····>· .. < .'<\//,</'.:' ' " J 
..... 
.. ~--
!1.•1:-,.!J',,•1,1., .~, t ... ", .. ,fl 
/ I• ' • ., ' • " • 
_' ' <::._ ·'. ' '::• ... 2. ' 
. . . :· -:, ' .. 
. ,·: ·, 
.' . 
. . ·-
. ~- ----~.' . 
' ' .... .. . : ... · 
. ' ,- . 
.. 
' 
. ~. / ,,· . 
' .. '., '.., ·: 
··~ ' :". 
• ·-.-! ·. 
·_,,,._. .. 
~ ,. .. 1···. ~- .. :--·· ·- -· , .· - ~:~~.-L. 
'.,, ••',·,·,. 
J It! J : i i~ ~ ~ . ·j, 
J 






! ~-' .,_ .. · 
-~--'->< _.__.._____ •· -·---,• '-., ..... , .... ~---·--L·•--'' _C ,-_,_.._.,_ •, • ...,...,,,-_,,, .. ;'..._,.; ;.:.. . ...:., ~-·a,.,.-,._.;--., '• -- •...:_-,' 
,.,_,, .. , .. _ 
. -~' page 16. 
. .. 
·- . .• 
. .... ,,'.''\/', 
,, ..... , .. _ 
· Figure 4 shows ·the··major program sections while Figure.-5 outlines . . 
, ........ , 
. -,•-·-. - •. . 
I -------.---·-· -·-·· ·····;· -··-·-- ...•. - -------
.. _tb.e co.~trol group. 
--,-- .. ·--·-··· ... ···-···-----:·--·-;.:··-· 
.. '}. 
. -~·· .. -- . 
- - . - -----------------
- --.. -·: ______ -~.·-. ' ·.· ...... : . .::,~-· : _·_ ' - .- ·:-... .·------------ . -.--------
. 
I . . 
' 





-· - , 
• --~,,,,-~~: ~~:__,'.,-~~~---·_ . =-. -~~--~-~..::~"'-~-"'"-'~' .. · -- , . ' .. ~~-~,c.,.~-.,C.;-~~ ----;~ ' •.. · "'.""',c·-~'-,-,,~--',o-•><«,=_:.~,-.-~--·-~·'-••"~"=•< -~:-,'·:•:• r,,;;e,,,. :.:~ _ _,_,,i~~--,/,,:•:.7-,,.L ... ,,C:., ==~ · ~ ·.-' ~- - . ·c .--- ,-._~- fJ:.····1n1tiiilzaiion 
-~ , , . . . · 




. , e~tries .which must be alterable during· system operation as we~l: ,·.· .. . ;_ ~-' 
. 1. List of lines to be polled and .characteristics 
Z. Data Buff er Size 1 '.Y . ·If 
' 
\ .... ;_ 
t .... 
. 
. I ' 
·,-; ··_.: .. . ' 
-.- -- -1'-~-·-·x __ .... ' . ---· 
. -~ .. 
•;, '. :.;.' • I '., • 
·:,;· .. • . ~ 
' . . • J 
. '- ' ., ~: . . .. ~ . \ .:- _; , "'. . . 
,- I • ' 
•·. • 
. ' -fl ' -
·- ~' 
... _ _:_~-~~------ 3_. ·- ___ ··. _Diagnostic-Logging Volume: 
----+-
---------------•. · . -~_.,:._ 
... ,.· ;.--.--~---'--~,--;--------·: 
•• • . . ' 
. \'' 
' - ·--- .---· - . -- .; -- --~---· ~---..---=~·=--=--".C-='--"..=:=.-9'='°"'"---·-..:.==-=""'----- -- --- ~ .~~-~~~~~'":---~--~-·-·----·----~~~-~a-mount of di~g~ostic·· data to o·e provid·e-a~----To-vary ~------- ... " · 
·. J 
·_ •i • ·' 
,.. . . . ~:.-






from none to real=time response~· · 
---- .. ::; .,· ··.~:Jc .• Recovery file = create. or not ~ ·· . _'.._: · . . .. 
·1 •• :· • · Time limit for :response of each communication line . . .. ,., i,._·. ·., ·"· Month, day, hour, minute, second_. 
~. - .. ~"\·--~-/, .. -, ,~ .. , ... :: Hard copy of diagnostics desired - yes or no 
· ·, .:_~--- --:: - .i 
l . 
'1.. ; l 
j 
I 
- ·- ! I The module should have default parameters for the ~bove:. ~·ntri es ... _ . ___ ----··,--:·c.....,. · ~ _·: .. -
'L ! I 
I ( _ Creation of the recovery file on disc will enable the System Pr~g,am~-~:... ____ :~--·. -; ·. ···· ·· · · f; 
r 
Loader to provide instant re-start for.the system. The entries . - :. - · --, 1c 






~ I f; I ! I 
11 
~ I 
kl !1 , 
I 
\ assumed will be loaded on the recovery f~.Je. The Initialization . ' l • - - - - - - -- -- ... - ---·" _,_ -· ' -~- ---- .. - '· .· . 
• 
.' ! 
Module is to be part of the utility set that is loaded by the System 
\ \ Program Loader (SPL)~ All programs will be loaded by the SPL ~ 
except utilities such as· Gore. Dump and Co.re .Flush routinE;,S ..... 
• 















·- -------- . ·-. "'fl 
ij 
~l ~ !rJ 
WM 
U" -,(I,~ 
loaded by the ·Bootstrap File • - Q r~ Thi~ __ f_!Je will be loaded_bY-_ a __ .switwc.-.a.h.....__ ___ ...;__--c::----:---m-1i  ------. --·· - .- - -· ~ . ~~~\ •-"-.,._ .. ·."'-·.·. ------:---'-t-----· ·--------------------.--------~----- --·---------------·-··----- -··,- .. . , ... ____ ... _ ...... -- .. ···:·--·--. ·--· ............ -............... --------... 
_, . I ·. 
----~ .. 
-----··---------····-- - --·--------------· ............ ,, ' '' : 
~i.i 
,-,:--:--
---- --- - ~ - - -- --- . -
-------·--····--·-----------
~. ,, 
- - - - --·- ---- - -------- ~~ ~; ____ --. -- -==-=---~--,---=., c=----~~ the O ~rC3.tor GQillI'91J;9Dsole.. _The SPL will load from '.Elither tape-.,;>.:_· · ·. · > t 
. ;., . :- . . 
t-G~ system, tape loading is useful during .diagnosis and testing of ~e syfJtem·, .. '.'·-·. ·.:'-.. ~-- ·,. ; 




'·· ... · .. 
-:·: .. . 
' •-,.. C • 
. : , , c · .. 'ii. , . _ ·. .. , ; I . ' -. , _ • . 
~, "' ' . 
. -·. . ... 
' ... , '(: .. 
· .. .'.: .. / , . ,.: ·.. .. . '···-. 
. ": •' . _,- ; } :· ' ;- -_ . . ~-c:-_ Q, 
. .. . .-
.: ' ·,.· .-' _ '-;"'· " ' 
.··. . .. 
... 
. ' ··. •" 
..... : .. _ .. 
. . .. ~. ,. . '' 
C O • 0 
r V. ·:. i • ~., : .. ' 
... ' 
' 
···, · ..•. '.·~·-· . - ~- .. ,,-_· ,· . ,-
. . . . 
, . 
. • ; . \ •· : . . -. ;_. . ·. ' • 
. ' i· - - .' ': ·'.:· . ;I~.:.· .  , ) '. ·:.. 
I' 
. ,. . - . '. ,-.- • ·. . . r_· • . • , ... , .. '. :.: ··. . ." , • . , • 
.-.---~" • • I • • 
' ,',' ,'.',' • t 
•• --
• 
. . •, .\ 
"' •.• - '. _. _-,-~~-·',-_ .. -;---:.;.,:;.. '.. •. • I f •• , :: :.· ... ~ ~ - ,~. •, :•I ,,; \ • ·.· .. ,. ·., .r-_.:•,.• ,• I ·, ' ·-,. ' ' • 
,• ' ·•• .;, \·. i. ·.,· ~- . • : •• 
-, 
. ' . ''. 
_.:.:.,. .•. ' . . ' ~ - . - -.-:- __ : .. .-' . ' _____ .:;....:.. . .. -..... -=- .. , . "It it . ' • .., -- . 
. . -. :_ .. ·.;'.·,,,1: f· '. .... 
. '. ',· . 
' . 
,\• j, 
' ~ . ' . - . 
u, l . 
' , • ~--: ,1 ·,.·;. t.· 'I•,_,·• • : 




' .;·: .' · .. 
- .. :· . 
• u\· 
~.~ 




~1"' . !,;,, .·.,, .• ·.• • \-, ::.. ' 
-!~ 'l • 
.. ' .. ,· ,, 
. -, ,. .. ; . 
' . 
. •' ... 
. ' , 
. ' 
., 
.; . . :.::-





 _.._.,,,.,._ 'i'i"'i!H ----------;__-"--~ 
-/ ;/:~': _;l 
. . (• 
; ;. ,',.,,., ... ,., . ., .. 
. -· 
-"1···. 
. ,. '-,., 
Utility Routines 
------- ·----~- . 
. . . · 
. ) . 
. "" 
. - - - .. -ii _.,.. -
·- \ .- . 
~- -- ----- _ ..... 
... 
..... 
.. ~---= ----t·· -_· -= - - :::;:-.,. 
pag,l l 1'1 
-c, 




. ,;, ,, 
, _ _; l -0 - 0 --00-- •=0 ·-.• ~c--sc"'lUality~offfianufacturer-su:ppfiE!Clutility·progr ci.IXl.S",- tlie ~usel"""ShOllld c-" c=~-="~ -.~ -- :'"':~---~--" •:Z; : 
.·· ' . ·, ·. . . .... . 
1· .·--
.. ,.;,..; . '.: ~ \ _ _. 






,---· .... -.. - .... ,·-. '. -_ --- -• 
' 
I, . 
. ; .• 
· .. · . 
' 
. 
undertake to write hi_s own ~her ever possibie •.. ·. 
The Core Dump Routine should writ~ -in an output directly . 
. ~ . . •, . 
~ .·: : ' -· ·. ..:·: . . ' . __ .. ' .. 
. ' 
compatible~with:-st 36.0 printers, as these· will_ be used for. displaying . ._. . . : .. ~ . _..:. ._' . 
: .. '. ··-· .·· -.··.· ·.: 
• I• ,,.;'•" 
_,· ,,•··:· .. J· :-'·. •. "' 
,, 
-·. ~;;:.··: . 
- ·.·, :'· -any dumps of major consequence_. Mi~C?J; _ dllmps will be sent to the--------:.'. ; ·:': ~'- .. _ '. . · :-~·~· __ -.. --- ~----
-~ -";" . ' . 
----·--·----·-·. --
--------···--··---· ···--·-· -- --·---- - - . 
$ 
- .-. 
···-------------· ----- __ .; __ :;,~ --- ·.-~ ..... '"'.'"---:-"'----~ ....... ---------·---·-
. . 
I.~ ..,. ' ... Core Dump output should also be compatible . . • . ' . ; - ~ ' ' ' 
' :· \~· · .. 
. ,., :··. r 
with binary formatting required £or reloading through the SPL~ The - . ·: ·_,, ~ . ' . 
., ' . . ,-- . . 
I 
. 
.· Core Flush Routine is simply a pro.gram capable of loading any or all ·'<'·· • . I . -~.. . ~- . . - . I 
- --- -~· --·~. ____ : ·'---· _,..:I . ' ( . ,.. . ~ . - . ., . .::. .. . .. 
. ·~ _. ,- ·.' ~-
. . memory word values with any pattern •. Normal usage would be flushing- .. -·-:·_, ... ··< 
:-· .~ :.·"· ·, . ,. 
. -... ~ 




Non-periodic tasks are handled on a deman~-only basis by the 
Non-Periodic Executive •. When interrupts or periodic tasks are not 
being performed, the Non-Periodic executive will cycle ·and the I/0 
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Processor determine the status ·of the following message queues:: _ .. 
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CPUs must have a header ID,_ t~~t a~~ End of Message character. Messages. · 
• 
I ' 
' ·· re~~ivedwill have the Cy'.cii~ Check Chara.cter ((;CC) as the first bit o.f the1. ·. · · 
I• ,,,/ ·, • •' 
.. , . ',;;-, __ ·.·/ .· 
. 
. 
, Terminal Interchange Address and las.t l?it of the EOM (End of Message)· 
~- <:,' . ' 
, : ... 
~ ~· .· designator. A CCC will be generated.for all communication to and from ;.._ ' . ·-. .... . i,. ~ ~ 
;• • • ' • • - ~ • I • . '·' ' 
.. - - ----
,_,,._./- :--· . 
. ,, 
-- ---- -- - . - - - - -----~-------------···-----·-·----------~-------· ----~--~-*~~L--4%_~~-------. - . --~-the·'.-terminal inter~ha.ng-es .--·----A·faulty CCC.will-cause--eitner---unit t5? __ ~!_~~-~g~~_d_,: •·-~---~~'.:-~~~~::~------------------
--------••••-•••~---------•···------•-•••••-••• 
I •. • 
~~-~-~ • • ," ... • ----· ,-· • -•·c .. , _____ ... _. .. 
0 
the message segment an<l: request retransmission. ACy.clic Check Chara.ct~~-:·,:.:: .. ,.. · 
( 
(·· . _-- ',\ 
' . 
_ is accumulated by adding each incoming character to the p·revious one, 
- - . - : 
., ? . ..... ;.. ~-
_____ :~_:· __ and carrying overflow bits into the ·1east significant place. - ; . 
.- .·· '\ . 
Line Control 
-· :. ' 
. . .. - . ·'- .·.,. - . ' -- . 
--·--~-- -~~ .. --- ___ .......... -~-. - -- - - . ..-- . - - -- -- - ~ . _ __._ __ -




.. ' . . -·. 
' -':,.". ,--, .. \r ' 
' . . I I ! Line control will actually be controlled by the CIS.as ·it !:~11 control -.--;-· .• _· - C. - -- --·; . i - - ----. --- -
-· ;.· .. ~ '.. 












. functions to ili.e terminal interchange uni ts and accept status and functions 
\ .n , --· ,• ~ • -• -," C 
.,. .. . -
. . . 'I' . . 
from those units when accepting messages. ~ine control will be separate and _-






indicators contained in message headers. 
Polling: Direct and Hub 
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Perform Real=Time Statistics and. Data Logging. 
Perform Real=Time Error Detection. 
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.Outpu~ _System Status Parameters to the OCC and Receive 
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Perform Off-Line Diagnostics _and Utility Functions._ • ·•· .-,.?. . •• ··~ r • -,-. 
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. Accept ~nd Rout~ -Messag-es~ f~~-om-th-e CCFs. · 
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~ '· .' ... system suggests the use of efficient modularized subroutines throughout~ 
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Conclusion 
'· 
•-•4"-·-- .... ,--------------·---·------- ··--·------···'"'•·· .,_ __ - --·-
l 
-- ,With the prortfetat10:i'tOfTelfCOmmuniCa---t~ns in th~ ~;ag; ~f - , . ---
_·,--:,.-:.· --~i-···-~_computers .there will exist' an inc~easing need £or' sophisticated cori;,;·· . . , . /· I 
' . ---~ '-· . . ' 
'··"" 
·'. figurations and exter·nal config~rations such as the Communication.Inter-.·· 
·. face System •. Th·e q1s will.relieve the Central Compu~ers from in"7.· 
_ ·:· ·,··,efficient processing of error and validity checking, polli':ng and other . · .· 
--.non-computational tasks.- A hardwired multiplexor, such as the IB_M_-i:~- .. ,.-.. ,: ...__  ·~. ~ 
. . . ' :' -~-- ... 
-- . - . --- -· ·····-- .. --~-· ...... ------ -·-· ------- . . .. -··-------·------··· --··---·-··-.. -·-·--·· --·--·--·-··-·--·-··---·----·- . ~-- ~~-
---------~-~---
---~---······--·-··---···-·-····-·-······'· -~···· --~··---·' 
-- ·---·- --·-·· - -
.·2~1-can"·s-up'port"'four·"asynchr.onous or two synchronous lin~s. 
. ' • 'i This . '. . : . : . ~....... . " .. .. '. 
•• J. .... ;·· :. 




~· .. •S* ••••••••• ·-··· •• more expensive IBM 2703.- As the number of lines increase, a small 
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. ,. : ',- . 
.... x 
. - . ' 
"' . ., ....• ----
computer is_ increasingly justified on financial grounds alone . 
.. ·~. . 
. . ·-·- ........ -····.-----"'···- .. - .. 
- -·--·- ........ , ...... ·" .-
needs of a larger system. The hardware has been ~pecified and shown 
' 
'_to exist. through· a sh~rt survey of the market. The_ configuration will 
r' function, as outlined, with the specified a1;1d projected load factors. /;f 
S"oftware· will be mostly user-written, but is straight-forward. 
.··I·· In retrospect, this system has a workable .design and a practical 
application • The Chase Manhattan Bank's· System/70 Extended Computing 
System,_ designed by Mark.Computing Systems and installed at Chases' 
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• ,_.C_. 
. ". . 
'e,..#""c-,., .. , ... 
-~·A·•-/-•--••~-•~·•··,'•,--..,,~--~----,_!" -- -- •• ••··--·--•-• • -·--•'--·· ----···~··-••- ........ ~----........ ___ -- . 
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.,. 
r" Figures showing actual loading of reservation lines are 
. ..,, 
: not available. From actual experi.ence it takes an average agent 
six minutes to complete a normal trans-acti9n~ 
- · .. 
Two que_ries 
•"' . are first sent to,Jhe CCF and two answers received before an 
. . 
. . ' 
· available flight is found" 
• 
Then the appropriate d~ta such as: 
' . . 
-----,----- .. -... -~- . 
. ---Name,· telephone, ti.cketing;~etc~-is-en.ter ea ancr-an -aclmowleclgenient · ·· -~~ 
·'""."'- ·# .... 
-~ 
.rec~ived .. Since a block will be 96 .characters even if it contains 
r: . 
less data,.- and no normal single transmission should exceed 96 
• 
"' 
----- ----·--. ----. --------
characters, an agent will average one block or 96 characters/minute • 
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n.Tlie 1'Sui.tabili~ of 
- . -- ...: -- _,_ .:_.~~-~-, --·· -·-·-- ._."' -.c - .... _'..:,. . -" ,•-
• various smc,l,11 __ computers:,.,on ... th.e commer~ial 
.market will be ap~yzed as·.,the· concluding. section of this thesis·. 
/ 1 . ~ 
~-- ~ . 
:1 ,/ 
,tf J J ~-
. . . . . . .. . \. . . j !,-';'. : -'= • -
Their specifications will be compared aga:P,nstth.e i-equirem.ents 
l • ·- ·,~ " 
that have new been developed. For the-,p~rpose of analysis the 
. ·,;. . 'r.! 
. ;, 
:t 






















' ~. - . z ... The machines will be compared in chart form-in the 
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REASON: Although core size has,,been determined at 32K, the 
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bits· on tlie PDP-9 are not useful. 
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Memory cycle time (u ·sec) 
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handling and not scientific, ,floating-point hardwar·e is not necessary.·. • 
The DDP-516 does have a basic full word, store time approximately 
·_faster than the next machine. , 
•• 
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_- _________ . __ . ___ --~-~ -·_ --- --CHOICE-:------DDP-5-16--------- -----------------~ ·-------'---~~ 
i - t_J 
REASON: All othe:r _!~~tors b~ing equal, the Honeywf3ll Il).acptii'3 .Js 
:I . -~ 
faster. in most applicaiton11 •. 
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Feature 
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Store time for full word 
(u sec) 
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-Add time for full word 
(u sec) 
Fixe·d-point Hardwar·e 
multo / div. 
Fixed=point Mult. (u sec) 
hardware. 
. -··-- - ·-·· . 
Fixed=point Div. (u sec) 
hardware 
Fixed=point M\tlt. (u sec) 
software 
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·· ··· 2. is not det-rimental. · The Sigma 2 has a DMA transfer rate five times · 
• 
slower than either of the other two ·machines. However, it still com-
response time more than twice that of the DDP-516. The number of 
external in~e~rupts was determined to be 48 which the Honeywell meets 
exactly and the PDP-9 surpasses by 208 interrupts. 
CHOICE: PDP-9 . . ---~. 
' ·,. 
~ ' . . 
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' ·- ' : 
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..... --- --.-~·-- ··---··--·--·~----·- --~-~-----;- --· - . ..- . -
· -._-.-~--'------------~-----·REASON: ··-The PDP~9 is· most desirable because;:the CIS will handle :·a . 
g?'eat many inter~upts and provides a margin for \expanding the number 
· of interrupts. 
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Direct Path Width (bits) 
DMA Channel 




- ' . ' ·I 
.. '."'~• . -:-:·tf -· . . . ·.·• • . _. ;· • ~ ·. 
.. 
. ·. -._ .. 
. -.· ... ,• 
.,...... ----········-.•···. 
' . 
. . . 
' ',. .- . 
. ...... 
. •. . -~ . 




~ •, ... 
I• ; ' 
" 
' I 
~ k'!'.. .. 





• l ' -
. ,.,• 
•• : • J .•••• ~ 
. . ' _. 
,·. 
..... ' 








•.' f • ·-~ ·: . 
. ' - •,. .. . 
' . 
. '·.: ':· .. 









-----"-----~ srr, .... iiii ;m_s .. : 





·~-· .i . 
. ...., ___ __ 
---·--~- ·-- --------
···'(~ 
--·--·- -- . -----~~--
--~ 
•• _L..___J L__. -___ - L• 
L 
--"- '--~~ '. ~>-- .Jt 




\ page 3-6 
.. 
-MISCELLANEOUS 
All three. machines either have the features noted below or 
'Q-·------
pr·ovide th_em as an option. The ·real-time clock, restart capability 
and power failu~ protect features are all necessary. 
---•· 
CHOICE: DDP-516, PDP-9 or Sigma 2, 
•-.t'I. ·• 
/, 
• I appar~:p.t differen~~ 
. 
. ' :, ' 
any of the :rnac~ines to REASON: There • 1S no 
pe_rforn:i the required tasks. ··------c-·-----·--- ---------~--~~---.-------::-~-
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','- . ·:. system .:wil_l .be:written sp,ecifically for the application, and the 
rric).nufactu:rer' s exec~tive will not be used. i! Therefor·e the sole need is 
: ~ .. 
for a viable asseinble:r ap4 a iu'sc operating 1sy~tem, if a suitable olle 
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. . - . exis~s. · .l\ll coqing is ;a .~e !~ ~ssemblyJa.ngq.age, elimipating the_ l" • ~ • 
-~ l • ' 
. . ~ • • "! 
' : .;_ • 
. , . 
. 




__ ..!_ __ ........ ·----- ··-- ....... ------------,· 
'· ! 
. \ 




'. . . ' -" ~ ' .: 
. ---·· --·--··· ····-- . -·- ·---------·-
; ; _. 
CHOIC~: PDr-~l6, P:P:P-~ o:r atgma a ,, 1. .,. 
• ' .. ( 
. , 
.. ;, i. . 
• j .,· REASON: All a-ppli~able fea~:res appea:r eq.ual ~n so~tware supplied. 
Ji'. Assuming that the quality of the respec~ive packages are acceptable, 
any of the three will be satisfactory •. However,· this. assumption would· 
.. 
. . . . ,· . - .. . bear further investigation. Often manl,lfacturer supplied sof~are is 
' found lacking. User written software such as L~DAP, developed at Lehigh 
· ,U:r~.iv~rsity,;~re often far superior and more suitable. 
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All of the uni ts reviewed are sufficient for the requir,~ments ... __ 
defined for the CIS, None of the units· • 1S disqualified for ~ severe 
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_Parallel transmission is based.on an engineering. 
modification to the Computer • 
Through use of assembly language, generation of 
excess coding, inherent in most high-level lang1:1,ages, 
will be avoided. 
Datamation, March 1969. _''Mnicomputers· for Real-Time Applications" by D~ J. Theis and L. C. Hobbs. 
!PARS is IBM'·s International Passenger Airline 
Reservation System. 
Computerworld, July 1, 1970. "Mim Front-Ends~,. ·\ 
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